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EXTENSION MECHANISM AND METHOD FOR ASSEMBLING 
OVERHANGING COMPONENTS 



FIELD 

The present invention is directed to the field of printed circuit boards. More particularly, the 
present invention is directed to a reusable extension mechanism and method for assembling overhanging 



tg components on a printed circuit board. 

^ BACKGROUND 

For many years, electronic systems (i.e., computers, printers, etc.) have been designed with one 

ry 

or more printed circuit boards (PCBs) that are electrically connected together to perform various functions. 

O 

M One of these printed circuit boards, which is commonly employed within computers, is referred to as a 
"motherboard". The motherboard typically is the main printed circuit board that provides interconnections 
between primary electronic components of the computer such as its processor, memory, and the like. 

Businesses may follow a well-established circuit board assembly procedure in order to 
manufacture a fully functional circuit board. This circuit board assembly procedure may have four 

20 sequential stages of which the second, third and fourth stages are performed in an assembly line 

environment while the first stage is performed beforehand, normally at an off-line site, in an effort to speed 
up the assembly line stages. The first stage may involve programming various programmable electronic 
components using well-known manual or automated equipment operated by one or more persons. These 
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programmable electronic components include, but are not limited to, read-only memory ("ROM"), erasable 
programmable read-only memory ("EPROM") and electrically erasable and re-programmable non-volatile 
memory (typically referred to as "flash" memory). Afterwards, electronic components are connected to the 
circuit board during the second or third stages. 

The second and third stages involve assembly of the circuit board by connecting surface mount 
technology ("SMT") components followed by through hole mount technology ("THMT") components 
through various widely known techniques. For example, the technique for connecting SMT components to 
the circuit board may include the following operations: (i) solder paste application, (ii) proper placement of 
the SMT components, and (iii) reflow soldering to establish connections between trace lines previously 
routed in the circuit board and the SMT components. Likewise, the technique for connecting the THMT 
components may include the following operations: (i) proper placement of THMT components, and (ii) 
wave soldering. 

The fourth stage in manufacturing circuit boards may involve testing each component (i.e., "in 
circuit" testing) as well as the entire operation of the circuit board (i.e., "functional" testing) to determine 
whether the circuit board is functioning properly. 

Assembly of the circuit board may involve overhanging components such as connectors, sockets, 
components and the like on leading or lagging edges of the PCBs. Overhanging surface mount 
technology (SMT) components are a challenge to assemble in the SMT board assembly process. 
Overhanging components may be devices that extend outward past the edge of a printed circuit assembly 
(PCA). Overhanging components may require a large "stay out" area to not interfere with SMT assembly 
tools such as screen print and placement machines. As such, design rules may include "stay out" zones 
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that prohibit overhanging components on leading and/or lagging edges of PCAs. The leading and lagging 
edges are the non-conveying edges of the PCA. However, the SMT equipment "stay out" zone for 
overhanging devices may vary for different types of tools (i.e., chip shooter, component placer, screen 
printer) and may vary for different placement equipment vendors. The stay out zones may vary so much 
from different types of tools and suppliers that design rules may require that the entire leading edge of the 
PCA is a "stay out" zone for overhanging SMT components. More specifically, the board stops, tooling 
pins and sensors may be located in different areas on the equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and a better understanding of the present invention will become apparent from the 
following detailed description of example embodiments and the claims when read in connection with the 
accompanying drawings, all forming a part of the disclosure of this invention. While the foregoing and 
following written and illustrated disclosure focuses on disclosing example embodiments of the invention, it 
should be clearly understood that the same is by way of illustration and example only and that the 
invention is not limited thereto. 

The following represents brief descriptions of the drawings in which like reference numerals 
represent like elements and wherein: 

FIG. 1 illustrates a printed circuit assembly having an outrigger; 

FIG. 2 illustrates a printed circuit assembly and a separate extension apparatus according to an 
example embodiment of the present invention; 
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FIG. 3 illustrates the extension apparatus coupled to the printed circuit assembly according to an 
example embodiment of the present invention; 

FIG. 4 illustrates a back view of the extension apparatus and the printed circuit assembly shown in 

Fig. 3; 

FIGs. 5A and 5B illustrate a guide according to an example embodiment of the present invention; 

and 

FIGs. 6A-6C illustrate keys and corresponding keyholes according to example embodiments of the 
present invention. 



DETAILED DESCRIPTION 

In the following detailed description, like reference numerals and characters may be used to 
designate identical, corresponding or similar components in differing figure drawings. Further, in the 
detailed description to follow, example values may be given, although the present invention is not limited to 
the same. Also, well-known power/ground connections to integrated circuits (ICs) and other components 
may not be shown within the FIGs. for simplicity of illustration and discussion, and so as not to obscure the 
invention. 

Fig. 1 illustrates a printed circuit assembly (PCA) having an outrigger, More specifically, Fig. 1 
shows a printed circuit assembly 10 that includes an outrigger 20 affixed to the printed circuit assembly 10 
by a plurality of extejglon bridges 25. The outrigger 20 is an extension of the printed circuit board (PCB) 
on leading or lagging \dges that are attached by several small bridges (such as the extension bridges 25). 
The extension bridges ^5 may be made out of the same material as the PCB and extend past the leading 
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or lagging edgetof the to-be-assembled PCB. The outrigger 20 may be made during the same 
manufacturing pracess as the printed circuit assembly 10 in one integral unit. Areas between the 
outrigger 20 and thfe printed circuit assembly 10 may be routed out to leave small connections such as the 
extension bridges 2a That is, routing or drilling the PCB area between the outrigger 20 and the PCA 10 
creates the extension Vrtdges 25. No routing or drilling is done where the extension bridges 25 are 
located. The extensi^rttofiidges 25 may be drilled or routed so that the outrigger 20 can easily be 
separated from the PCA after SMT assembly. After assembly, the outrigger 20 may be broken off 
manually or cut-off by route\s and discarded. Fig. 1 also shows how overhanging components 15 may 
hang over the outrigger 20. Outriggers may add a significant cost to the PCB. For example, each 
outrigger may add a total cost M between $0.20 and $3.50 to the cost of materials depending on the board 
size and the layer count. This rqakes overhanging SMT devices expensive to implement. 

Embodiments of the present invention may utilize a printed circuit board extension (also hereafter 
called an extension apparatus or extension mechanism) that snaps or fits into printed circuit assemblies 
before SMT mounting. The extension apparatus may temporarily couple to a PCA leading edge to enable 
proper assembly of overhanging SMT devices such as SMT connectors. The extension apparatus may be 
made of the same material as the printed circuit assembly and may be specifically designed to mate to the 
printed circuit assembly via interlocking protrusions (or keys). Although the extension apparatus and the 
PCA may be made of the same material, they may be made during different manufacturing processes. 
Embodiments of the present invention are also applicable to the extension apparatus being made of 
different material than the printed circuit assembly. The protrusions may have an interference fit into the 
slots (or keyholes) in the PCA. This interference fit between the extension apparatus and the PCA may 
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keep the two boards held securely together and on the same plane. As will be described, the extension 
apparatus is reusable with more than one PCA. 

Fig. 2 illustrates a printed circuit assembly and an extension apparatus according to an example 
embodiment of the present invention. Other embodiments and configurations are also within the scope of 
the present invention. More specifically, Fig. 2 shows a printed circuit assembly (PCA) 50 separated from 
an extension apparatus 60. The extension apparatus 60 may include a key 62, a key 64 and a key 66 
each extending from an edge 65 of the extension apparatus 60. The printed circuit assembly 50 may 
include corresponding keyholes on an edge 55 to appropriately mate with respective keys. That is, the 
printed circuit assembly 50 includes a keyhole 52 to mate with the key 62, a keyhole 54 to mate with the 
key 64 and a keyhole 56 to mate with the key 66. The edge 55 of the PCA 50 represents the future edge 
of the board when fully assembled. The key exists on the extension apparatus 60 and provides an 
interlocking function to hold the extension apparatus 60 and the PCA 50 together while the PCA 50 
completes the assembly process. The keyholes may be made at the manufacturer of the PCA 50 by 
drilling or routing (which are both common processes in PCB manufacturing). The extension apparatus 60 
may be manufactured separately from the PCA 50. The extension apparatus 60 will be reusable with more 
than one PCA which will thereby reduce the cost of manufacturing. For illustrations purposes, Fig. 2 
shows the SMT components 15 overhanging the edge of the PCA 50 after the assembly. After use on a 
first PCA, the PCB extension apparatus 60 may be immediately installed on another PCA just before 
assembly or board preparation. 

Although Fig. 2 shows the keys 62, 64 and 66 provided on the extension apparatus 60 and the 
keyholes 52, 54 and 56 provided on the printed circuit assembly 60, embodiments of the present invention 
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are not limited to this placement of the keys and keyholes. That is, the keys may be provided on the 
printed circuit assembly 50 extending from the edge 55 and the keyholes may be provided on the edge 65 
of the extension apparatus 60. Furthermore, each key/keyhole may be of the same size and shape or they 
may be different sizes and shapes such that they match the corresponding key/keyhole on the printed 
circuit assembly 50 or the extension apparatus 60. Further, the extension apparatus 60 may include one 
(or more) key and one (or more) keyhole while the printed circuit assembly 50 may include a corresponding 
(or more) keyhole and a corresponding (or more) key. 

Fig. 3 illustrates the extension apparatus 60 coupled to the printed circuit assembly 50 according 
to an example embodiment of the present invention. Other embodiments and configurations are also 
within the scope of the present invention. That is, Fig. 3 shows the extension apparatus 60 mated to the 
PCA 50 and after the components have been assembled onto the PCA 50. The extension apparatus 60 
provides a clean and straight edge 68 for the SMT assembly equipment to align and assemble SMT 
overhanging components. The extension apparatus 60 may be installed by snapping the keys 62, 64 and 
66 into the keyholes 52, 54 and 56 from the bottom of the PCA 50. There is an interference fit between the 
extension keys and the keyholes that maintains lateral tension on the two boards. The thickness of the 
PCB (such as .062 inches) may be sufficient to keep the two boards from bending upward or downward 
(i.e., tilting) relative to each other. 

Fig. 4 illustrates a back view of the extension apparatus 60 and the printed circuit assembly 50 
from Fig. 3. More specifically, Fig. 4 illustrates a SMT land 70 and a SMT land 80. A guide 72 (such as a 
metal guide) may be affixed to the land 70 and extend from the extension apparatus 60 so as to support 
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the bottom surface of the PCA 50. Likewise, a guide 82 may be affixed to the land 80 and extend from the 
extension apparatus 60 so as to support the bottom surface of the PCA 50. 

Fig. 5A is a side view of the printed circuit assembly 50 coupled to the extension apparatus 60 and 
the guide 72. The circular area of Fig. 5A is shown in greater detail in Fig. 5B. That is, Fig. 5B shows the 
5 guide 72 provided on the back surface of the extension apparatus 60 and extending over the back surface 
of the PCA 50. As shown better in Fig. 5B, the guide 72 may be coupled to the PCB extension 60 by 

Q 

solder 90 or other means such as strong adhesive. In this embodiment, the guide 72 is not attached to the 

01 PCA assembly 50 so as to be removable when the extension apparatus 60 is disconnected from the PCA 
Sj 50. The one end of the guide 72 may be positioned underneath the PCA 50 to prevent the extension 

To apparatus 60 and the PCA 50 from tilting upward or downward during the SMT assembly and reflow. 

iii 

2 Board supports used within the SMT manufacturing machines may be positioned underneath these boards 

ru 

CO in such a manner to eliminate (or minimize) tilting between the extension apparatus 60 and the PCA 50. 
H The PCA 50 may then be assembled through SMT assembly with the extension apparatus 60. 

Subsequently, the extension apparatus 60 may be removed after the SMT process and reused on a 
15 subsequent PCA. The reuse of the extension apparatus 60 lowers the cost of manufacture/assembly as 
compared to the use of outriggers. 

Figs. 6A-6E show various keys and keyholes that may be provided on the extension apparatus 60 
tjp -ly&njWKe PCA 50. Tha& is, Fig. 6A shows a key 92 that may be mated with a keyhole 94. Fig. 6B shows a 

V key 96 that may be mated with a keyhole 97 and Fig. 6C shows a key 98 that may be mated with a keyhole 
'20 99. Other shapes of the\ey and the keyhole are also within the scope of the present invention. 

Furthermore, while the above description relates to the discussion of keys and keyholes, this terminology is 

i 

9 



219. 40428X00 
P12691 

merely exemplary. A key may correspond to a male part (or member) and a keyhole may correspond to a 
female part (or member). The male and female parts of the key and keyholes may be any of numerous 
types of shapes and sizes such that they are able to couple the extension apparatus 60 to the PCA 50. 
The connection between the boards is made within the thickness of PCA 50, as the key does not extend 
above the top surface or the bottom surface of the PCA 50. Thus, the thickness of the PCA 50 keeps the 
boards relatively level to each other during the assembly process, The extension apparatus may be mated 
by positioning keys over keyholes and snapping the boards together. This may be done by bringing the 
extension apparatus from the top of the PCA or by bringing the extension apparatus from the bottom of the 
PCA. 

Any reference in this specification to "one embodiment", "an embodiment", "example embodiment", 
etc., means that a particular feature, structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment of the invention. The appearances of such phrases in 
various places in the specification are not necessarily all referring to the same embodiment. Further, when 
a particular feature, structure, or characteristic is described in connection with any embodiment, it is 
submitted that it is within the purview of one skilled in the art to effect such feature, structure, or 
characteristic in connection with other ones of the embodiments. 

Although the present invention has been described with reference to a number of illustrative 
embodiments thereof, it should be understood that numerous other modifications and embodiments can be 
devised by those skilled in the art that will fall within the spirit and scope of the principles of this invention. 
More particularly, reasonable variations and modifications are possible in the component parts and/or 
arrangements of the subject combination arrangement within the scope of the foregoing disclosure, the 
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drawings and the appended claims without departing from the spirit of the invention. In addition to 
variations and modifications in the component parts and/or arrangements, alternative uses will also be 
apparent to ihose skilled in the art. 
What is claimed is: 
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